Abstract. The article presents the basis of the method allowing to assess the state of control condition of a turbine jet engine during the plane flight when the input signal to the engine is unpredictable interference signal "z". Method is based only on signals acquired during engine ground test when the input signal is "w" delivered by technical support using the engine control lever (DSS). The control state of the engine both from the set value "w" and "z" is expressed by the quotient of its cross power spectral densities (in frequency domain). The way of transition from the frequency domain to the time domain was presented, it allows to obtain step responses of engine from "z" and "w", greatly facilitating the interpretation of the obtained results.. The analysis of the influence of choosing types of the window function and signals sampling frequency on the accuracy of the proposed model has been carried out.
Introduction
The aviation engine is used during the flight when, apart from the "w" signal set by pilot using the engine control lever (DSS), it is also affected by unpredictable interference signal "z" delivered from the environment. Engine is adjusted on the basis of signals recorded during its ground tests, when the input signal is only the signal "w" from the DSS, and the signal "z" has low power and are constant so it is often overlooked. This may lead to a situation where the aircraft properly adjusted during ground tests from the "w" signal may react inappropriately to the "z" interference signals occurring during the flight. It may lead to an undesirable change in the rotational speed (so-called vibrations and fluctuations of rotation), and even its stalling. It is also known that improving the quality of the engine from "w" (on the ground) causes deterioration of the quality of the engine from "z" (in flight) [1, 2, 3, 5, 8].
Theoretical basis
The simplified diagram of the aircraft jet engine rotational speed automatic control system jet engine can be reduced to a standard scheme of the automatic control system (Fig. 1.) . To derive a model describing the assessment of the control quality of a jet engine with input "z" (during a flight) using only signals measured with input "w" during its standard ground tests, it is necessary to identify the transfer functions of individual elements of the automatic control system. 
Thus, by using HW transfer function, the HZ transfer function can be determined. It is therefore possible to determine the characteristics of the engine with input "z" (on the fly) based only on the signals registered during the engine ground tests when the input signal is "w".
Verification of the turbine engine control quality assessment method
The work of a turbine jet engine during ground tests (with the "w" input) and during the flight (with the input interference signal "z") is described by the model shown in Fig. 1 . This model for the simulation needs can be presented in the form of two separate models responsible for work from just one of inputs (two SISO models). 
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"w" delivered to the controller, yZ-system response when input signal is delivered directly on the object, Ti, T, Tc -these are the time constants of the controller, the object and the sensor; kC, kR, k, kKgain for the sensor, controller, object and object compensator. [2, 5, 6, 9, 10] 
Transfer functions HW(s) and HZ(s) can be written in the frequency domain by substituting s=jω. The real parts of these Transfer functions for both the "w" and "z" inputs take the form: 
In order to prove the correctness of the transformation from (Eq 1. and 2) a simulation of the both models from Fig. 2 (described also by HW(s) (Eq. 5) and HZ(s) Eq. 6) was carried out for step and Dirac delta function as input arguments. Fig. 3 . graphs of real part of transfer functions were made in three variants (Fig. 4.) In order to transfer from the frequency domain to the time domain, based on the values of the real parts of the spectral transfer functions from impulse response (Fig. 4. ) and the transformation from Eq. 9 step responses of the HZ(s) in time domain were obtained [3].
Fig. 3. Step and impulse response of the transfer functions HW(s) and HZ(s).

Using the signals obtained as results of impulse response from
The obtained results were compared with yz(t) which is a step response of the HZ(s) (Eq. 6 - Fig. 3) (t) is from Eq. 6 - Fig. 3 ., yz1(t) from ReZ1(ω) and Eq. 9, yz2(t) for ReZ2(ω) and Eq. 9.
As shown in Fig. 5 , all three step response variants are very similar. This proves the correctness of the proposed method for assessing the state of engine regulation in flight (from "z") based only on signals registered during the ground test from "w".
The accuracy of the obtained results is strongly influenced by two parameters: ∆ω -the sampling frequency, and the type of used window function (used for auto and cross correlation necessary to obtain the power spectral density functions Syx). Their impact is shown below. 
Summary
According to the conducted simulation test, as a result of multiplication of HW(s) (transfer function describing engine during the ground tests) with 1/GR(s) (inverse of the controller transfer function also from ground tests) could be obtained the HZ(s) (which describes the engine during the flight). This fact has been confirmed in the frequency domain using the power spectral density of signals yw, u, e -by comparing the real parts of spectral transfer functions (Fig. 4.) .
By using the real parts of transfer functions (ReZ1(ω) and ReZ2(ω)) obtained from the impulse response and using the transition from the frequency domain to the time domain, the step responses of the model could obtained (Fig. 5.) . These responses are very similar to the responses obtained directly from the HZ(s) transmittance (Eq. 6) shown in Fig. 5 . Summing up, it is proved that there is a real possibility to assess the engine control quality during the flight based only on signals registered during its ground tests.
The engine characteristics obtained directly from its ground tests will allow the assessment of the impact of engine control changes on its operation. This will allow to propose a more appropriate way to control the engine after the ground test (without the need for flight test), which will reduce the risk associated with the inspection flight carried out after each repair and refurbishment. 
